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/RV VLVWHPDV GH OHYLWDFLyQ PDJQpWLFD SXHGHQ VHU XWLOL]DGRV FRPR GLVSRVLWLYRV GH SRVLFLRQDPLHQWR GH SUHFLVLyQ $GHPiV GH VHU
HVWDEOHVHQOD]RDELHUWRODVFRQILJXUDFLRQHVGHOHYLWDFLyQUHSXOVLYDSUHVHQWDQFDUDFWHUtVWLFDVLQWHUHVDQWHVSDUDHVWHWLSRGHDSOLFDFLRQHV
1RREVWDQWHHVWDVDSOLFDFLRQHVSXHGHQSUHVHQWDUHOIHQyPHQRGHDWDVFDPLHQWRGHVOL]DPLHQWRGHELGRODVFDUDFWHUtVWLFDVQROLQHDOHVGHOD
IULFFLyQ GHO REMHWRPDQLSXODGR /D FRPELQDFLyQ GH ORV DOWRV QLYHOHV GH QROLQHDOLGDG HQ ODV IXHU]DVPDJQpWLFDV \ GHO DWDVFDPLHQWR
GHVOL]DPLHQWR UHVXOWDHQXQSUREOHPDGHFRQWUROFRPSOHMR(QHVWHDUWtFXOR VHSUHVHQWD OD LGHQWLILFDFLyQ\HO DQiOLVLVGLQiPLFRGHXQ
VLVWHPDGHOHYLWDFLyQPDJQpWLFDH[SHULPHQWDO/RVUHVXOWDGRVGHHVWHHVWXGLRVRQXWLOL]DGRVSDUDHOGLVHxRGHXQVLVWHPDGHFRQWUROQR







FDUDFWHUL]DFLyQ H[SHULPHQWDO GH OD VXSHUILFLH GH GHVOL]DPLHQWR (O HVTXHPD GH FRQWURO UHVXOWDQWH SHUPLWH SUHVHUYDU XQ EDMR HUURU HQ







/RV VLVWHPDV GH OHYLWDFLyQ PDJQpWLFD 6/0 WLHQHQ GLYHUVDV
DSOLFDFLRQHVSUiFWLFDVWUHQHVGHOHYLWDFLyQPDJQpWLFD0RWRKDUX
.RJD	+LVDR URGDPLHQWRVPDJQpWLFRV +XQJ$OEULWWRQ
	 ;LD  VLVWHPDV GH SRVLFLRQDPLHQWR .LP 9HUPD 	
6KDNLUSODWDIRUPDVSDUDDLVODUYLEUDFLRQHV .HH%RQJHW
DO  \ VLVWHPDV PDJQpWLFRV SDUD ODQ]DPLHQWRV HVSDFLDOHV
3RZHOO HW DO  (Q HVWH FRQWH[WR HO GHVDUUROOR GH
FRQWURODGRUHVGHDOWRGHVHPSHxRSDUD6/0HVQHFHVDULR3RURWUR
ODGR ORV 6/0 VRQ LQKHUHQWHPHQWH QR OLQHDOHV GHELGR D ODV
LQWHUDFFLRQHVGHORVFDPSRVPDJQpWLFRV\SXHGHQVHUHVWDEOHVR
LQHVWDEOHV GHSHQGLHQGR VL OD FRQILJXUDFLyQ GHO VLVWHPD HV
UHSXOVLYDRDWUDFWLYD/HH.LP	/HH





QR VH SUHVHQWDQ HQ ODV FRQILJXUDFLRQHV DWUDFWLYDV %DFKOH
+HQW]HOW	*UDLFKHQ/DFRPELQDFLyQGHHVWRVIHQyPHQRV
UHVXOWD HQ XQ SUREOHPD FRPSOLFDGR \ TXH KLVWyULFDPHQWH KD
UHTXHULGRGHHVTXHPDVGHFRQWUROFRPSOHMRV)DD-HQJ6\XDQ<L
	 .XR.DL  )DD-HQJ /L7DR 	 3R+XDQJ  )DD
-HQJ /L7DR 	 3R+XDQJ D :HL *XR +XDQJ 	 :X

'LYHUVDVWpFQLFDVGHFRQWUROOLQHDO\QROLQHDOVHKDQSURSXHVWR
SDUD FRQWURODU 6/0 /HH 6X 	<X   7UXPSHU 2OVRQ	
6XEUDKPDQ\DQ   -RR 	 6HR  +DMMDML 	 2XODGVLQH
2OOHUYLGHVHWDO3RURWURODGRHOGHVHPSHxRGHXQ
VLVWHPD GH FRQWURO OLQHDO UiSLGDPHQWH VH GHWHULRUD FXDQGR HO
VLVWHPDVHGHVYtDGHOSXQWRGHHTXLOLEULR2OOHUYLGHVHWDO
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RSHUDU FRQ XQ GHVHPSHxR XQLIRUPH HQ XQ DPSOLR UDQJR GH
RSHUDFLyQ HV QHFHVDULR FRQVLGHUDU XQD WpFQLFD GH FRQWURO QR
OLQHDO
(Q7UXPSHU2OVRQ	6XEUDKPDQ\DQ\HQ-RR	6HR
 VH SURSRQH HO HQIRTXH GH OLQHDOL]DFLyQ SRU
UHWURDOLPHQWDFLyQ GH HVWDGRV /5( FRQ UHVXOWDGRV DFHSWDEOHV
SHUR FRQ DOWRV QLYHOHV GH HUURU HQ HVWDGR HVWDFLRQDULR (Q HVWH
DUWtFXOR VH FRQVWDWD OR LQGLFDGR SRU HVWRV DXWRUHV \ WDPELpQ VH
SURSRQH XQ VLVWHPD GH FRQWURO GH WLSR /5( SHUR FRPR XQD
SULPHUDHWDSD
3DUD PHMRUDU OD UHVSXHVWD WUDQVLWRULD VH UHDOL]D XQ DQiOLVLV





HQ OD]R FHUUDGR DFHSWDEOHV HO GHVHPSHxR GH HVWD WpFQLFD HV
DOWDPHQWHGHSHQGLHQWHGHODFDQFHODFLyQH[DFWDGHORVWpUPLQRVQR
OLQHDOHV ,VLGRUL \ HVWDV FDQFHODFLRQHV HVWiQ VXMHWDV DXQD
VHULH GH SHUWXUEDFLRQHV GLItFLOHV GH PRGHODU HVSHFLDOPHQWH
DTXHOODV LQWURGXFLGDV SRU OD IULFFLyQ $GLFLRQDOPHQWH FRQ OD
WpFQLFD GH /5( VyOR HV SRVLEOH ORJUDU EDMRV QLYHOHV GH HUURU HQ
HVWDGR HVWDFLRQDULR D WUDYpV GH DOWDV JDQDQFLDV \D TXH HVWH
HVTXHPD QR FRQWLHQH LQKHUHQWHPHQWH XQ IDFWRU LQWHJUDO 1R
REVWDQWHHVWRQRVLHPSUHHVDSOLFDEOH\DTXHVHKDREVHUYDGRTXH
ODV DOWDV JDQDQFLDV HQ ORV HVTXHPDV /5( WLHQGHQ D LQGXFLU
RVFLODFLRQHV WUDQVLWRULDV HQ ORV 6/0 GHELGR D ODV GLQiPLFDV QR
PRGHODGDV0L]XWDQLO.DWD\DPD	,FKLNDZD
(QHVWHDUWtFXORVHSUHVHQWDQORVUHVXOWDGRVHQH[WHQVRGHXQD
LQYHVWLJDFLyQ FX\RV UHVXOWDGRV SUHOLPLQDUHV VH H[SXVLHURQ HQ
/LFHDJD&DVWUR HW DO (Q SULPHU OXJDU VH SURSRQH XQD
VROXFLyQ QRYHGRVD SDUD UHGXFLU HO HUURU HQ HVWDGR HVWDFLRQDULR
(VWDHVWUDWHJLDHVWiEDVDGDHQXQOD]RGHFRQWUROOLQHDOH[WHUQRDO
VLVWHPD GH /5( (O FRQWURODGRU OLQHDO VH GLVHxD XWLOL]DQGR
WpFQLFDV GH FRQWURO FOiVLFR 'H HVWD IRUPD HV SRVLEOH LQFOXLU
DFFLyQ LQWHJUDO DGHPiV GH FRQVLGHUDU PiUJHQHV GH HVWDELOLGDG
FOiVLFRV FRQHVSHFLILFDFLRQHVGHGHVHPSHxRHQHOGRPLQLRGH OD
IUHFXHQFLD ORV FXDOHV KDQ UHVXOWDGR VHU YiOLGRV FXDQGR H[LVWHQ
SHUWXUEDFLRQHV JHQpULFDV QRPRGHODGDV HQ GLYHUVDV DSOLFDFLRQHV
GHLQJHQLHUtD1JX\HQ/XULH	(QULJKW
/D LQWHUDFFLyQ GHO REMHWR OHYLWDGR FRQ HO PHGLR ItVLFR
LQWURGXFH GLQiPLFDV GH IULFFLyQ DOWDPHQWH QR OLQHDOHV (Q
SDUWLFXODU OD LQWHUDFFLyQ GH OD IULFFLyQ HVWiWLFD FRQ HO HIHFWR
LQWHJUDO GHO FRQWURODGRU LQGXFH HO IHQyPHQR FRQRFLGR FRPR
DWDVFDPLHQWRGHVOL]DPLHQWR 0DULQ $OKDPD 	 0RUHQR 
(VWH IHQyPHQR UHSUHVHQWD XQD FRQVLGHUDEOH GLILFXOWDG SDUD ORV
VLVWHPDV GH FRQWURO WUDGLFLRQDOHV \ KD VLGR REMHWR GH GLYHUVRV
HVWXGLRV  &DQXGDVGH:LW HW DO  &DSR]]D HW DO 
/LFHDJD&DVWURHWDO.HQIDFN-LRWVDHWDO
(O IHQyPHQR GH DWDVFDPLHQWRGHVOL]DPLHQWR WDPELpQ KD VLGR
UHSRUWDGR HQ 6/0 :HL *XR +XDQJ 	 :X  )DD-HQJ
6\XDQ<L 	 .XR.DL   )DD-HQJ /L7DR 	 3R+XDQJ
 )DD-HQJ /L7DR 	 3R+XDQJ D 7ULVDQWR HW DO
 (Q HVWRV UHSRUWHV VH FRQFOX\H TXH VH UHTXLHUHQ DFFLRQHV
FRUUHFWLYDVDGLFLRQDOHVSDUDWHQHUXQVLVWHPDGHFRQWUROIXQFLRQDO
3RU HMHPSOR HQ  )DD-HQJ /L7DR 	 3R+XDQJ D VH
GHVDUUROOD XQ FRQWURODGRU SRU PRGRV GHVOL]DQWHV FRQ XQD UHG









FRQWURO (VWRV UHSRUWHV PXHVWUDQ UHVSXHVWDV DFHSWDEOHV VLQ
HPEDUJR HO FRVWR FRPSXWDFLRQDO GH ODV OH\HV GH FRQWURO HV
FRQVLGHUDEOH
(V ELHQ VDELGR TXH SDUD UHGXFLU HO HIHFWR GH
DWDVFDPLHQWRGHVOL]DPLHQWR GHEHQ XWLOL]DUVH FRQWURODGRUHV VLQ
HIHFWR LQWHJUDO 'XSRQW  1R REVWDQWH WDO FRQWURODGRU
LQWHUIHULUtDFRQHOREMHWLYRGHEDMRHUURUHQHVWDGRHVWDFLRQDULRVLQ
XWLOL]DUDOWRVQLYHOHVGHJDQDQFLDHQHOOD]RGH/5(3RUORWDQWR
HQ HVWH DUWtFXOR VH SURSRQH XQ FRQWURODGRU FRQPXWDGR (VWH
FRQWURODGRU FRQPXWD HQWUH GRV FRQWURODGRUHV FRQ \ VLQ HIHFWR
LQWHJUDO (VWD QRYHGRVD HVWUDWHJLD SDUD HO SUREOHPD GH
DWDVFDPLHQWRGHVOL]DPLHQWR HQ HO6/0SHUPLWH ORJUDU DOPLVPR
WLHPSR EDMR HUURU HQ HVWDGR HVWDFLRQDULR \ HOLPLQDU HO








FRQWURODGRU KDFHQ TXH OD HVWUDWHJLD SUHVHQWDGD VHD DWUDFWLYD
HVSHFLDOPHQWHFXDQGRVHFRPSDUDFRQORVUHSRUWHVH[LVWHQWHV
(O DUWtFXOR WLHQH OD VLJXLHQWH HVWUXFWXUD (Q OD 6HFFLyQ  VH
SUHVHQWD \ VH DQDOL]D HO PRGHOR GHO VLVWHPD GH OHYLWDFLyQ
PDJQpWLFD(VWHDQiOLVLVUHVXOWDHQREVHUYDFLRQHVLPSRUWDQWHVTXH
VRQ~WLOHVHQODVVHFFLRQHVSRVWHULRUHV(QOD6HFFLyQHOVLVWHPD
GH OHYLWDFLyQ H[SHULPHQWDO HV LGHQWLILFDGR (O GLVHxR GH XQ
FRQWURODGRU QR OLQHDO EDVDGR HQ OD OLQHDOL]DFLyQ SRU
UHDOLPHQWDFLyQGHHVWDGRVHUHSRUWDHQOD6HFFLyQ(QOD6HFFLyQ
 VH SURSRQH XQ HVWLPDGRU GH HVWDGR QR OLQHDO \ VH SUXHED
H[SHULPHQWDOPHQWH&RQHOREMHWLYRGHPHMRUDUHOHUURUHQHVWDGR
HVWDFLRQDULR VH GLVHxD XQ OD]R GH FRQWURO H[WHUQR FRQ HIHFWR
LQWHJUDO HQ OD 6HFFLyQ  (O HIHFWR LQWHJUDO GH HVWH FRQWURODGRU
LQGXFH HO PRYLPLHQWR GH DWDVFDPLHQWRGHVOL]DPLHQWR (Q OD
6HFFLyQVHGLVHxD\VHSUXHEDXQDOH\GHFRQWUROTXHHOLPLQDHO




(O VLVWHPD GH OHYLWDFLyQ PDJQpWLFD 0DJQHWLF /HYLWDWLRQ
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(VWH VLVWHPD FRQVLVWH GH XQD ERELQD TXH SURGXFH XQ FDPSR
PDJQpWLFR HQ UHVSXHVWD D XQD FRUULHQWH HOpFWULFD XQ LPiQ GH
QHRGLPLR GH DOWD GHQVLGDG GH FDPSR XQD EDUUD GH YLGULR \ XQ
VHQVRU ODVHU SDUD PHGLU OD SRVLFLyQ GHO LPiQ /D UHVROXFLyQ
HVSHFLILFDGD GHO VHQVRU HV GH PP VLQ HPEDUJR XQD







X UP\ F\ ) PJ     

'RQGHPHVODPDVDGHOLPiQ\HVODGLVWDQFLDHQWUHODERELQD\HO
LPiQ HQ FHQWtPHWURV F HV HO FRHILFLHQWH GH IULFFLyQ JU HV OD
DFHOHUDFLyQ GHELGR D OD IXHU]D GH JUDYHGDG \ )X HV OD IXHU]D
PDJQpWLFD (O PRYLPLHQWR GHO GLVFR HVWi PHFiQLFDPHQWH




X) E \ D   
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(Q HVWD VHFFLyQ VH SUHVHQWD EUHYHPHQWH HO DQiOLVLV GH OD
HVWUXFWXUD GHO PRGHOR  4XH HVWi IRUPDGR SRU XQ VLVWHPD GH
OD]RFHUUDGRQROLQHDOFRPSXHVWRSRUXQDIXQFLyQVLQPHPRULDQR






HO HOHPHQWR GH UHWURDOLPHQWDFLyQ QR OLQHDO DVRFLDGR FRQ OD
GLQiPLFD OLQHDOGHILQLGDSRU  ODFXDO VHSXHGHH[SUHVDUHQHO
GRPLQLRGHODIUHFXHQFLD(VLPSRUWDQWHQRWDUTXHHOVLVWHPDGHOD
)LJXUD  QR HV FRPSOHWDPHQWH HTXLYDOHQWH D  \D TXH VH KD
GHVSUHFLDGR OD JUDYHGDG \ ORV YDORUHV SURSLRV GH $ VRQ HQ
UHDOLGDG  \ F 1R REVWDQWH HO SUHVHQWH DQiOLVLV WLHQH FRPR
REMHWLYR HVWXGLDU GH PDQHUD DLVODGD HO HIHFWR TXH WLHQHQ ORV
YDORUHVSURSLRVGH$HQXQVLVWHPDFRQODHVWUXFWXUDGH

     V V
O O
O O 









GH ORVYDORUHVSURSLRVGH$\ OD UHVSXHVWD WUDQVLWRULDGHOVLVWHPD
GH OD)LJXUDGLFKD UHVSXHVWDVH LOXVWUDHQ OD)LJXUD(QHVWD
ILJXUD VH SUHVHQWDQ ODV UHVSXHVWDV DO HVFDOyQ XQLWDULR FXDQGR ORV
YDORUHV SURSLRV GH$ VRQ ^` ^` ^`\ ^
` FRQVLGHUDQGR PE u \ D  (Q ORV FDVRV VHJXQGR \
FXDUWRVHREVHUYDXQDUHVSXHVWDFRQXQDOWRQLYHOGHVREUHWLUR(V
FODUR TXH OD SDUWH OLQHDO GHO VLVWHPD HV VREUHDPRUWLJXDGD \ OD
OLQHDOL]DFLyQ GHO VLVWHPD  QR WLHQH FHURV ILQLWRV &DVRV
DGLFLRQDOHV VH UHVXPHQ HQ OD 7DEOD  (V LPSRUWDQWH QRWDU TXH
VyOR ODV FDUDFWHUtVWLFDV GH VREUHWLUR \ WLHPSR GH HVWDEOHFLPLHQWR
VRQUHOHYDQWHVHQHVWHHVWXGLRODDPSOLWXGGHODVUHVSXHVWDVQRHV
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'H HVWDV UHVSXHVWDV VH SXHGHQ H[WUDHU ODV VLJXLHQWHV
FRQFOXVLRQHV
D /DV QR OLQHDOLGDGHV GHO VLVWHPD  SXHGHQ SURGXFLU
UHVSXHVWDVFRQDOWRVQLYHOHVGHVREUHWLURD~Q\FXDQGRORV
YDORUHV SURSLRV GH $ VRQ UHDOHV \ HO VLVWHPD QR WLHQH
GLQiPLFDLQWHUQD
E /RV VREUHWLURV GH ODV UHVSXHVWDV VH DWHQ~DQ FXDQGR ORV
YDORUHVSURSLRVGH$WLHQHQVHSDUDFLyQGHDQFKRGHEDQGD
(V GHFLU KD\ XQ SROR GRPLQDQWH (VWH IHQyPHQR VH
SUHVHQWy WDPELpQSDUDGLYHUVDVFRPELQDFLRQHVGHYDORUHV
SURSLRV/RV UHVXOWDGRV GH ODV VLPXODFLRQHV VXJLHUHQ TXH
HQWUHPD\RUVHDODVHSDUDFLyQGHORVYDORUHVSURSLRVGHOD
PDWUL] $ GH  PD\RU VHUi OD UHGXFFLyQ GHO VREUHWLUR




VLVWHPD HQ OD]R DELHUWR 1R REVWDQWH HQ HO SURFHVR GH
DMXVWH GHO OD]R GH FRQWURO QR OLQHDO VH REVHUYy TXH HVWD
FDUDFWHUtVWLFD WDPELpQ VH SUHVHQWD HQ ODV SUXHEDV
H[SHULPHQWDOHV GH OD]R FHUUDGR DXQTXH HQ PHQRU
PDJQLWXGTXHHQODVVLPXODFLRQHVGHOD)LJXUD
/DV REVHUYDFLRQHV DQWHULRUHV VXJLHUHQ TXH HO VREUHWLUR GH OD
UHVSXHVWD WUDQVLWRULDGHO VLVWHPDVH UHGXFLUiVL ODGLQiPLFD OLQHDO
LPSXHVWD D WUDYpV GHO HVTXHPD GH /5( HV WDO TXH ORV SRORV VH
XELTXHQ WDQ VHSDUDGRV FRPR VHD SRVLEOH 1R REVWDQWH HQ OD
SUiFWLFDGLFKDVHSDUDFLyQHVWiOLPLWDGDSRUODPi[LPDJDQDQFLDGH




&RQVLGHUDQGR TXH HO VLVWHPD  KD DOFDQ]DGR HO HVWDGR
HVWDFLRQDULRHVGHFLU \ \    VHWLHQHTXH





FRQVWDQWH \ PLGLHQGR OD GLVWDQFLD \ UHVXOWDQWH 3RU HMHPSOR OD
UHODFLyQ HQWUH HO HVWDGR HVWDFLRQDULR GH X \ \ SDUD XQD VHULH GH
H[SHULPHQWRV VH PXHVWUD HQ OD )LJXUD  6L VH FRQVLGHUD TXH HO
SHVR GHO LPiQ SXHGH VHU PHGLGR HQ HVWH FDVR ZJU 










      S UX PE [ D N U [ J     

$OXWLOL]DUODOH\GHFRQWUROFRQHOVLVWHPDVHREWLHQHXQ

































HV SRVLEOH HVWLPDU F 3RU HMHPSOR SDUD XQ VLVWHPD GH VHJXQGR
RUGHQ  F HTXLYDOH D  Q[Z   GRQGH [  HV HO FRHILFLHQWH GH
IULFFLyQ \ Q SNZ   HV OD IUHFXHQFLD GH RVFLODFLyQ QDWXUDO QR
DPRUWLJXDGD(Q OD )LJXUD  VH SUHVHQWD XQD VHULH GH UHVSXHVWDV
H[SHULPHQWDOHVDOHVFDOyQFRQDPSOLWXGQRUPDOL]DGDXWLOL]DQGROD
OH\ GH FRQWURO  FRQ NS    (O SURSyVLWR GH HVWRV
H[SHULPHQWRV FRQVLVWH HQ DLVODU HO HIHFWR GHO SDUiPHWUR F /RV
UHVXOWDGRV PXHVWUDQ TXH ORV SHULRGRV GH RVFLODFLyQ GH ODV






TXHHO YDORUQRPLQDOGHF HV HOSURPHGLRGHHVWH UDQJR 
1RREVWDQWHHVFODURTXHKD\XQDOWRJUDGRGHLQFHUWLGXPEUHHQ
HVWH SDUiPHWUR HO FXDO HVWi GLUHFWDPHQWH UHODFLRQDGR FRQ HO
FRHILFLHQWHGHIULFFLyQ
)LQDOPHQWHHQ OD)LJXUDVHPXHVWUDXQDFRPSDUDFLyQHQWUH
OD VLPXODFLyQ GLJLWDO GHO PRGHOR UHVXOWDQWH \ OD UHVSXHVWD
H[SHULPHQWDOHQOD]RDELHUWRGHOVLVWHPD/DILJXUDPXHVWUDTXHHO




















 Hernández-Alcántara D. et al. / Revista Iberoamericana de Automática e Informática industrial 11 (2014) 285–294 289






UHSUHVHQWDU OD IULFFLyQ FRQ SUHFLVLyQ ORV SDUiPHWURV GH GLFKRV
PRGHORVWLHQHQXQDOWRQLYHOGHLQFHUWLGXPEUH0DULQ$OKDPD	
0RUHQR  3RU OR WDQWR HO XVR GH PRGHORV QR OLQHDOHV GH
IULFFLyQWLHQHSRFDVYHQWDMDVSUiFWLFDVHLQWURGXFHXQDOWRQLYHOGH
FRPSOHMLGDG HQ HO DQiOLVLV$GLFLRQDOPHQWH HQ HVWXGLRV WHyULFRV
VREUH HO DWDVFDPLHQWRGHVOL]DPLHQWR VH KD REVHUYDGR TXH HVWH




(Q ODV VLJXLHQWHV VHFFLRQHV GH HVWH DUWtFXOR VH SUHVHQWDQ ORV







   
 






  > @   7UI [ [ F [ J       
7
PE [ DJ [ ª º « »¬ ¼   K [ [ 

'DGRTXH   J/ K [  \     J I PE [ D/ / K [  z GRQGH/ HV
HORSHUDGRUGHODGHULYDGDGH/LHHOJUDGRUHODWLYRGHHVGRV
(VWR HV LJXDO TXH HO JUDGR GHO VLVWHPD (VWR LPSOLFD TXH OD
OLQHDOL]DFLyQ HQWUDGDVDOLGD GHO VLVWHPD QR WLHQH GLQiPLFDV
LQWHUQDV R GLQiPLFD FHUR ,VLGRUL  (O FRQWURODGRU SRU
UHDOLPHQWDFLyQ GH HVWDGR TXH OLQHDOL]D OD UHODFLyQ HQWUDGDVDOLGD
HV

          J I I UX W / / K [ / K [ J Y [     

'RQGH Y[ VH GHILQH SDUD XELFDU ORV SRORV GHO VLVWHPD OLQHDO
HTXLYDOHQWH

      XY [ N [ N [ N U     

N\NVRQODVJDQDQFLDVGHUHDOLPHQWDFLyQGHORVHVWDGRV\UXHV
OD UHIHUHQFLD GHO VLVWHPD OLQHDOL]DGR &RPR VH HVWDEOHFLy HQ OD
6HFFLyQ  HV FRQYHQLHQWH XELFDU ORV SRORV GHO VLVWHPD WDQ
VHSDUDGRV FRPR VHD SRVLEOH/D VHSDUDFLyQ GH ORV SRORV HQ OD]R
FHUUDGR HVWi OLPLWDGD SRU HO Pi[LPR WLHPSR GH HVWDEOHFLPLHQWR
GHVHDGR\SRUODPi[LPDJDQDQFLDHQOD]RFHUUDGRSHUPLWLGDSRU
ORVDQFKRVGHEDQGDGHORVHOHPHQWRVGHOVLVWHPDGHFRQWURO(QOD
SODWDIRUPD H[SHULPHQWDO VH HVWDEOHFLy XQ WLHPSR GH
HVWDEOHFLPLHQWRGHóVHJXQGRFRPRHVSHFLILFDFLyQGHGLVHxRGHO
VLVWHPDGH/5(SRU ORTXHVHXELFDDOSROR OHQWRHQV  (O
RWURSRORVHXELFyDFRUGHDODQiOLVLVSUHYLRHQOD]RDELHUWRGHOD
6HFFLyQ  HQ V 3RVWHULRUPHQWH VH DMXVWDURQ ODV JDQDQFLDV
FRQ EDVH D ODV UHVSXHVWDV H[SHULPHQWDOHV KDVWD REWHQHU XQD
UHVSXHVWD DFHSWDEOH (O SURFHVR GH DMXVWH FRQVLVWLy HQ UHGXFLU
SURJUHVLYDPHQWH HO DQFKR GH EDQGD GHO SROR UiSLGR \D TXH VH
HQFRQWUyTXHHOVLVWHPDQRSXHGHRSHUDUDODYHORFLGDGQHFHVDULD
SDUDXELFDUHOSRORHQ(OFRQWUROUHVXOWDQWHXELFDORVSRORV
HQV \V FRQJDQDQFLDVN \N 

 'LVHxRGHOREVHUYDGRUGHHVWDGR
3DUD LPSOHPHQWDU OD OH\ GH FRQWURO  VH UHTXLHUH GH XQ
REVHUYDGRUGHHVWDGR\DTXHVyORHOSULPHUHVWDGRHVPHGLGR6H
HQFRQWUy TXH XQ REVHUYDGRU /XHQEHUJHU FOiVLFR QR JHQHUDED
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PXHVWUD TXH OD GLQiPLFD GHO HUURU GH HVWLPDFLyQ SXHGH
HVWDELOL]DUVH FRQ JDQDQFLDV+ VXILFLHQWHPHQWH JUDQGHV$ WUDYpV
GHH[SHULPHQWDFLyQVHHQFRQWUyTXHODVJDQDQFLDVGHOREVHUYDGRU
K  \ K  SURSRUFLRQDQ UHVXOWDGRV DFHSWDEOHV
)LQDOPHQWHHVLQWHUHVDQWHGHVWDFDUTXHHOREVHUYDGRUUHVXOWD
VHU XQ REVHUYDGRU WtSLFR GH /XHQEHUJHU PiV XQ HOHPHQWR GH
HQWUDGD QR OLQHDO TXH FRPSHQVD HO HIHFWR GH OD IXHU]D
HOHFWURPDJQpWLFD
8WLOL]DQGRHOFRQWURODGRU\HOREVHUYDGRUVHREWXYROD
UHVSXHVWD H[SHULPHQWDO DO HVFDOyQ GHO VLVWHPD PRVWUDGD HQ OD
)LJXUD(OGHVSOD]DPLHQWRGHFPHVFRQVLGHUDQGRFRPRXQ
PRYLPLHQWR GHPX\ DOWR UDQJR SDUD HVWD SODWDIRUPD 0L]XWDQLO
.DWD\DPD	,FKLNDZD

)LJXUD  5HVSXHVWD H[SHULPHQWDO DO HVFDOyQ GHO VLVWHPD XWLOL]DQGR HO
FRQWURODGRU\HOREVHUYDGRU
/D UHVSXHVWD HV DFHSWDEOH \ FRPSDUDEOH FRQ ODV UHVSXHVWDV
UHSRUWDGDVSDUDHVWHVLVWHPDXWLOL]DQGR/5(DXQTXHHO UDQJRGH
PRYLPLHQWR REWHQLGR HVPD\RU TXH HQ 0L]XWDQLO.DWD\DPD	
,FKLNDZD  -RR 	 6HR  7UXPSHU 2OVRQ 	
6XEUDKPDQ\DQ  (O HIHFWR GH OD FDQFHODFLyQ QR SHUIHFWD
GHELGR D LQFHUWLGXPEUH SDUDPpWULFD \ D SHUWXUEDFLRQHV FDXVDGDV
SULQFLSDOPHQWH SRU OD IXHU]D GH IULFFLyQ GD OXJDU D HUURUHV HQ
HVWDGR HVWDFLRQDULR \ RVFLODFLRQHV GXUDQWH HO WUDQVLWRULR (VWH HV
XQSUREOHPDELHQFRQRFLGRGHORVHVTXHPDVGHFRQWUROEDVDGRVHQ
OD FDQFHODFLyQ FRPR OR HV/5( 3RU RWUR ODGR GHELGR D TXH HO
PpWRGR GH /5( QR FRQWLHQH XQ IDFWRU LQWHJUDO VyOR HV SRVLEOH
ORJUDUEDMRHUURUHQHVWDGRHVWDFLRQDULRDWUDYpVGHDOWDVJDQDQFLDV
GH UHDOLPHQWDFLyQ 6LQ HPEDUJR DO DXPHQWDU GLFKD JDQDQFLD
DXPHQWDQ ODV RVFLODFLRQHV WUDQVLWRULDV LQWURGXFLGDV SRU ODV
GLQiPLFDVQRPRGHODGDV/DVRVFLODFLRQHVPRVWUDGDVHQOD)LJXUD
 VH HQFXHQWUDQ FHUFDQDV DO OtPLWH SUiFWLFR 3RU OR WDQWR XQD
PD\RU UHGXFFLyQ GHO HUURU HQ HVWDGR HVWDFLRQDULR SRUPHGLR GHO




















$ SDUWLU GHO PRGHOR QRPLQDO VH GLVHxy HO FRQWURODGRU GH
DFXHUGRFRQ ODV WpFQLFDVFOiVLFDVGHDQiOLVLVHQHOGRPLQLRGH OD
IUHFXHQFLD WDPELpQ OODPDGDV ³%RGH VKDSLQJ´ (O FRQWURODGRU VH
GLVHxyEXVFDQGRFXPSOLUFRQHVSHFLILFDFLRQHVGHGHPDUJHQ
GH IDVH \ XQ PDUJHQ GH JDQDQFLD PD\RU D G% TXH VRQ
HVSHFLILFDFLRQHVGHUREXVWH]WtSLFDV/XULH	(QULJKW$Vt
PLVPRVHHVSHFLILFDXQDQFKRGHEDQGDGHUDGVFRQHOREMHWLYR
GH ILMDU XQD GLQiPLFD FRQ WUDQVLWRULR GH V /XULH 	 (QULJKW
 3RVWHULRUPHQWH VH LPSOHPHQWy GLFKR FRQWURODGRU \ VH
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GHO OD]RH[WHUQRD\XGDD UHGXFLUHOQLYHOGHRVFLODFLRQHV UHGXFH
VLJQLILFDWLYDPHQWHHO HUURUHQHVWDGRHVWDFLRQDULR\DXPHQWDD~Q
PiV HO UDQJR GH RSHUDFLyQ GHO GLVSRVLWLYR 1R REVWDQWH OD
LQWHUDFFLyQ HQWUH HO FRQWURODGRU GH HIHFWR LQWHJUDO \ OD IULFFLyQ
LQGXFH XQD GLQiPLFD GH DWDVFDPLHQWRGHVOL]DPLHQWR (O SULPHU





































*P G%DUDGV 3P RDUDGV 
)UHFXHQFLDUDGV 
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)LJXUD  5HVSXHVWD H[SHULPHQWDO DO HVFDOyQ GHO HVTXHPD GH FRQWURO GH OD
)LJXUD\HOFRQWURODGRU





















(O IHQyPHQR GH DWDVFDPLHQWRGHVOL]DPLHQWR VH SXHGH
UHSUHVHQWDUFRPRXQDVXSHUILFLHGHGHVOL]DPLHQWRGHILQLGDSRUODV
WUD\HFWRULDVGHORVHVWDGRVHQHOSODQRGHIDVH/LFHDJD&DVWURHW
DO  .HQIDFN-LRWVD HW DO  1DYDUUR/RSH] 	 6XDUH]
/D)LJXUDPXHVWUDHOSODQRGHIDVHGHOH[SHULPHQWRGH
OD)LJXUDFRQVLGHUDQGRHOHUURUGHO VLVWHPDGHFRQWUROHW OD





















(VELHQ VDELGRTXH ODXWLOL]DFLyQGHFRQWURODGRUHV FRQHIHFWR
LQWHJUDO SXHGH LQFLWDU OD DSDULFLyQ GHO IHQyPHQR GH








&RPR VH KD YLVWR WDQWR HO VLVWHPD GH FRQWURO FRQ HIHFWR
LQWHJUDO FRPR HO GH /5( WLHQHQ YHQWDMDV \ GHVYHQWDMDV (Q
SDUWLFXODUVHSURSRQHQODVVLJXLHQWHVHVSHFLILFDFLRQHVGHGLVHxR
EDMRQLYHOGHHUURUHQHVWDGRHVWDFLRQDULR\TXHDOPLVPRWLHPSR
QR VH SUHVHQWH DWDVFDPLHQWRGHVOL]DPLHQWR 3DUD ORJUDU HVWR VH
SURSRQHODVLJXLHQWHHVWUDWHJLDJHQHUDO
 8WLOL]DU XQ FRQWURODGRU GH HIHFWR LQWHJUDO SDUD OOHYDU DO
VLVWHPD D XQD UHJLyQ FHUFDQD D OD VXSHUILFLH GH
DWDVFDPLHQWRGHVOL]DPLHQWR
 8QDYH]TXHHOVLVWHPDVHHQFXHQWUHHQGLFKDUHJLyQ
D (OLPLQDU HO HIHFWR LQWHJUDO GHO VLVWHPD GH FRQWURO
SUHVHUYDQGR HO ~OWLPR YDORU GHO HVIXHU]R GH
FRQWURO 6H UHTXLHUH SUHVHUYDU HVWH YDORU SDUD
PDQWHQHUDOVLVWHPDFRQXQEDMRQLYHOGHHUURU
E &HUUDUXQOD]RGHFRQWUROVLQHIHFWRLQWHJUDOGHDOWD
JDQDQFLD (VWH OD]R D\XGD D UHGXFLU D~Q PiV HO
HUURU HQ HVWDGR HVWDFLRQDULR VLQ LQFXUULU HQ
RVFLODFLRQHV \D TXH HO VLVWHPD VH HQFXHQWUD DKRUD
RSHUDQGRHQXQDUHJLyQFRQDOWRQLYHOGHIULFFLyQ
(OSULPHUSDVRSDUDSRGHULPSOHPHQWDUHVWDHVWUDWHJLDFRQVLVWH
HQ FDUDFWHUL]DU HQ IRUPD SUHFLVD OD VXSHUILFLH GH GHVOL]DPLHQWR
DVRFLDGD DO IHQyPHQR GH DWDVFDPLHQWRGHVOL]DPLHQWR (VWD
FDUDFWHUL]DFLyQ VH OOHYy D FDER UHDOL]DQGR XQD VHULH GH
H[SHULPHQWRV VLPLODUHV D ORV GH OD )LJXUD  'H HVWD IRUPD VH
FRQFOX\yTXH ODVXSHUILFLHGHGHVOL]DPLHQWRHVWiFRQWHQLGDHQ OD
UHJLyQ GHO HVSDFLR GH HVWDGR GHILQLGD SRU _ _ H   \
_   _ H W 
&RQVLGHUDQGR OD HVWUDWHJLD GH FRQWURO GHVFULWD DQWHULRUPHQWH
HV SRVLEOH SURSRQHU OD VLJXLHQWH OH\ GH FRQWURO FRQPXWDGD
PRVWUDGDHQGLDJUDPDGHEORTXHVHQOD)LJXUD

     \            \   
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
/DV HFXDFLRQHV         D D DX W [ W H W  \     D D[ W H W 
UHSUHVHQWDQDOFRQWURODGRUFRQXQDVHxDOGHHUURUHDWTXHVH
GHVDFWLYD FXDQGR VH GHWHFWD TXH HO VLVWHPD VH DSUR[LPD D OD
VXSHUILFLH GH DWDVFDPLHQWRGHVOL]DPLHQWR 3RU RWUR ODGR ODV
HFXDFLRQHV          E EX W [ W H W  \
        E E[ W [ W H W PRGHODQDO FRQWURODGRUGHDOWDJDQDQFLD
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VLQ HIHFWR LQWHJUDO 'LFKR FRQWURODGRU WDPELpQ SXHGH VHU
H[SUHVDGRHQIXQFLyQGHWUDQVIHUHQFLDFRPR





   

3RURWURODGRVLVHGHQRWDFRPRXD6DOYDORUGHXDWDOPRPHQWR
GH HQWUDU D OD VXSHUILFLH GH GHVOL]DPLHQWR HQWRQFHV OD VHxDO GH
FRQWURO HQ HVWDV FRQGLFLRQHV SXHGH HVFULELUVH FRPR


















(O FRQWURODGRU  VH GLVHxy FRQVLGHUDQGR DO VLVWHPD OLQHDO
UHVXOWDQWHREWHQLGRSRUPHGLRGHOD/5()LJXUD\XWLOL]DQGRHO
YDORU Pi[LPR HVWLPDGR SDUD HO SDUiPHWUR F 6HFFLyQ  (O
REMHWLYRGHHVWHFRQWURODGRUHVLQWURGXFLUXQDUHGXFFLyQDGLFLRQDO
GHOHUURUHQHVWDGRHVWDFLRQDULRGHDOPHQRVG%\XQDOWRJUDGR
GH DPRUWLJXDPLHQWR(Q OD)LJXUD VHPXHVWUD HO GLDJUDPDGH







FRQWURODGRU FRQPXWDGR HV FDSD] GH HOLPLQDU HO HIHFWR GH
DWDVFDPLHQWRGHVOL]DPLHQWR HQ HVWDGR HVWDFLRQDULR PDQWHQLHQGR
XQ EDMR QLYHO GH HUURU HQ HVWDGR HVWDFLRQDULR (O QLYHO GH HUURU
UHVXOWDQWHIXHPHQRUDPPPHQRVGHOGREOHGHODUHVROXFLyQ
SUiFWLFD GHO VHQVRU (VWR SHUPLWH DILUPDU TXH HO HUURU HQ HVWDGR
HVWDFLRQDULRIXHSUiFWLFDPHQWHHOLPLQDGRGHQWURGHORVOtPLWHVGHO
VLVWHPDItVLFR
)LQDOPHQWH OD )LJXUD  PXHVWUD HO HVIXHU]R GH FRQWURO
YLQFXODGR DO H[SHULPHQWR GH OD )LJXUD  (Q HVWD ILJXUD VH
REVHUYD FODUDPHQWH OD FRQPXWDFLyQ GH ODV OH\HV GH FRQWURO 6H
SXHGH QRWDU TXH GLFKD FRQPXWDFLyQ QR SURYRFD XQ FDPELR
DEUXSWRGHDOWDPDJQLWXGHQ OD OH\GHFRQWURO(VWR VHGHEHD OD
HVWUXFWXUDGHODHFXDFLyQHVSHFLDOPHQWHDTXHHQHOVHJXQGR
FDVRVHFRQVLGHUDDXD63RURWURODGRODFRQPXWDFLyQHQODOH\GH





)LJXUD  (VIXHU]R GH FRQWURO \ VHxDO GH HUURU SDUD HO H[SHULPHQWR GH OD
)LJXUD
$FRQWLQXDFLyQVHPXHVWUDODUHVSXHVWDGHOVLVWHPDGHFRQWURO
SURSXHVWR HQ FRQGLFLRQHV GH RSHUDFLyQ GH VHJXLPLHQWR (VWR
LPSOLFDDGLIHUHQFLDGHODFRQGLFLyQGHUHJXODFLyQTXHHOVLVWHPD
HVWDUiHQWUDQGR\VDOLHQGRGHODFRQGLFLyQGHFRQPXWDFLyQ
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3RU RWUR ODGR OD )LJXUD  LQFOX\H OD VHxDO GH FRQWURO
FRUUHVSRQGLHQWHDOH[SHULPHQWRGHOD)LJXUD$SDUWLUGHHVWDV




JDQDQFLD SDUD HOLPLQDU HO HUURU HQ HVWDGR HVWDFLRQDULR 6LQ
HPEDUJRHOQLYHOGHHUURUHVWiGHQWURGHOUDQJR_H_GHILQLGR
HQODOH\GHFRQWURO





















)LQDOPHQWH VH SUHVHQWD XQD VHULH GH H[SHULPHQWRV FRQ ORV
FXDOHVFXDOVHSUXHEDHOGHVHPSHxRGHOVLVWHPDFXDQGRHVWHRSHUD
HQ UHJLRQHV FHUFDQDV D OD ]RQD GH FRQPXWDFLyQ /D )LJXUD 
UHVXPH OD UHVSXHVWD GHO VLVWHPD XWLOL]DQGR UHIHUHQFLDV GH WLSR
VHQRLGDO D GLIHUHQWHV IUHFXHQFLDV PLHQWUDV TXH OD )LJXUD 
SUHVHQWDORVHVIXHU]RVGHFRQWUROFRUUHVSRQGLHQWHV



















































































VLVWHPD RSHUD FRQ HO FRQWURODGRU GH DOWD JDQDQFLD VLQ HIHFWR
LQWHJUDO (Q HVWH PRGR GH RSHUDFLyQ HO VLVWHPD HV FDSD] GH
DOFDQ]DU XQ EXHQ QLYHO GH GHVHPSHxR HQ HO VHJXLPLHQWR
DSURYHFKDQGR HO DPRUWLJXDPLHQWR DGLFLRQDO TXH LQWURGXFH OD
IULFFLyQ HVWiWLFD HQ FRQGLFLRQHV GH EDMD YHORFLGDG &RQ
UHIHUHQFLDVGHPD\RUIUHFXHQFLD+]HOVLVWHPDRSHUDFRQHO
FRQWURODGRU GH HIHFWR LQWHJUDO &RQ HVWH FRQWURODGRU VH SXGH
RSHUDU DPD\RUHV YHORFLGDGHV FRQGLFLyQ HQ OD TXH VH UHGXFH HO
HIHFWR GH OD IULFFLyQ HVWiWLFD QR REVWDQWH HO GHVHPSHxR GHO
VHJXLPLHQWR HV PHQRU )LQDOPHQWH VH EXVFy H[SHULPHQWDOPHQWH
XQDIUHFXHQFLDPHGLD WDOTXHVHSXGLHUDDSUHFLDU ODFRQPXWDFLyQ
GHODOH\GHFRQWURO(QSDUWLFXODUFRQXQDUHIHUHQFLDGH+]
VH SXGH REVHUYDU TXH HO VLVWHPD RSHUD LQLFLDOPHQWH FRQ HO
FRQWURODGRUVLQHIHFWRLQWHJUDO\HVWHFRQPXWDDOFRQWURODGRUFRQ
HIHFWR LQWHJUDO GXUDQWH HO H[SHULPHQWR (VWR PXHVWUD TXH HO
VLVWHPD GH FRQPXWDFLyQ HV HIHFWLYR SDUD GHWHFWDU HO PRGR GH
RSHUDFLyQ GHO VLVWHPD OHQWR R UiSLGR \ DSURYHFKD ODV





FHUUDGRSDUDXQ VLVWHPDGH OHYLWDFLyQPDJQpWLFDTXHSUHVHQWD HO
IHQyPHQRGHDWDVFDPLHQWRGHVOL]DPLHQWR3DUDSRGHUREWHQHU XQ
PRGHOR GH GLVHxR DGHFXDGR IXH QHFHVDULR DSOLFDU XQ
SURFHGLPLHQWR GH LGHQWLILFDFLyQ DSURSLDGR 8Q DQiOLVLV GH OD
HVWUXFWXUDGHGLFKRPRGHORUHYHOyLQWHUHVDQWHVFDUDFWHUtVWLFDVTXH
D\XGDURQDHVWDEOHFHUODVHVSHFLILFDFLRQHVGHORVOD]RVGHFRQWURO





GH FRQWURO FOiVLFR HQ HO GRPLQLR GH OD IUHFXHQFLD $XQTXH HVWH
FRQWURODGRU UHGXMR VLJQLILFDWLYDPHQWH HO QLYHO GH HUURU \ GH
RVFLODFLRQHV HQ HO WUDQVLWRULR WDPELpQ LQWURGXMR HO IHQyPHQR GH
DWDVFDPLHQWRGHVOL]DPLHQWRGHELGRDOHIHFWRLQWHJUDO
3DUD HOLPLQDU HO DWDVFDPLHQWRGHVOL]DPLHQWR \ DSURYHFKDU DO
PLVPRWLHPSRODVYHQWDMDVGHOFRQWURODGRUFRQHIHFWRLQWHJUDOVH
GLVHxy XQ HVTXHPD GH FRQWURO FRQPXWDGR (VWH HVTXHPD GH
FRQWUROVHEDVDHQODFDUDFWHUL]DFLyQH[SHULPHQWDOGHODVXSHUILFLH
GHDWDVFDPLHQWRGHVOL]DPLHQWR
)LQDOPHQWH ODV SUXHEDV H[SHULPHQWDOHV PXHVWUDQ TXH HO
HVTXHPD FRQPXWDGR IXH FDSD] GH HOLPLQDU HO











VXFK DV SUHFLVH SRVLWLRQLQJ 5HSXOVLYH FRQILJXUDWLRQV DUH RSHQ
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ORRS VWDEOH DQG RIIHU RWKHU LQWHUHVWLQJ FKDUDFWHULVWLFV +RZHYHU
WKHVHDSSOLFDWLRQVPD\SUHVHQWVWLFNVOLSHIIHFWVGXHWRWKHIULFWLRQ
IRUFHV7KHFRPELQDWLRQRIWKHKLJKO\QRQOLQHDUPDJQHWLFIRUFHV
DQG WKH VWLFNVOLS HIIHFWV UHVXOW LQ D FRPSOH[ FRQWURO SUREOHP
7KLVDUWLFOHSUHVHQWVWKHLGHQWLILFDWLRQPRGHODQDO\VLVDQGFRQWURO
V\VWHP GHVLJQ IRU DQ H[SHULPHQWDO UHSXOVLYHPDJQHWLF OHYLWDWLRQ
V\VWHP 7KH GHVLJQ LV EDVHG RQ WKH SULQFLSOHV RI VWDWH IHHGEDFN
OLQHDUL]DWLRQ ,Q SUHYLRXV UHSRUWV LW ZDV VKRZQ WKDW WKH
SHUIRUPDQFHRI IHHGEDFN OLQHDUL]DWLRQ FRQWURO RI VLPLODU GHYLFHV
LV GHJUDGHG E\ WKH SDUDPHWHU XQFHUWDLQW\ LQWURGXFHG E\ WKH
IULFWLRQ ,Q WKLV ZRUN WKH SHUIRUPDQFH RI WKH IHHGEDFN
OLQHDUL]DWLRQ FRQWURO LV LPSURYHG E\ DGGLQJ DQ RXWHUORRS OLQHDU
FRQWUROOHU ZLWK LQWHJUDO DFWLRQ 7KLV FRQWUROOHU ZDV GHVLJQHG
DFFRUGLQJ WR FODVVLFDO IUHTXHQF\ DQDO\VLV ([SHULPHQWDO UHVXOWV
VKRZ EHWWHU WUDQVLHQW UHVSRQVHV DQG ORZ VWHDG\ VWDWH HUURUV
1HYHUWKHOHVVWKHLQWHJUDODFWLRQDQGWKHIULFWLRQIRUFHLQFUHDVHWKH
VWLFNVOLS RVFLOODWLRQV 6WLFNVOLS PRWLRQ LV HOLPLQDWHG WKURXJK D
VZLWFKLQJ FRQWURO VWUDWHJ\ EDVHG RQ WKH H[SHULPHQWDO
FKDUDFWHUL]DWLRQ RI WKH VWLFNVOLS VOLGLQJ VXUIDFH 7KH UHVXOWLQJ
FRQWUROVFKHPHDOORZVSUHVHUYLQJWKHORZVWHDG\VWDWHHUURURIWKH
LQWHJUDOFRQWURO ODZDQGHOLPLQDWHV WKH VWLFNVOLSPRWLRQ7KLV LV
DFFRPSOLVKHG WKURXJK D UHODWLYHO\ VLPSOH FRQWUROOHU ZKHQ
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